A new computerized format for presenting microbiology laboratory results has been designed and evaluated.
There are a variety of computerized systems available for reporting microbiology laboratory results. The specific system chosen by each hospital is often packaged with other laboratory computer software. Many physicians regard the existing microbiology reporting systems as cumbersome and time-consuming (i.e., user unfriendly). Most existing systems present complete line listings of results ordered by date or by source. The purpose of this study was to evaluate whether a newly designed index system for reporting microbiology laboratory data provided easier and more rapid access to results. This new system is innovative because it presents a summarizing index of the patient's laboratory results, followed by the detailed, descriptive text of each result. It is our hypothesis that this system will facilitate access to vital laboratory results in the busy hospital setting.
MATERIALS AND METHODS
System description. The computerized system for reporting microbiology laboratory results used at our hospital was a source-category system, the product of a commercial vendor (Meditech, Boston, Mass.) Having access to the source code, we modified the existing system to create an index reporting format. No alterations were made to the input routines for data in the microbiology laboratory. This new reporting system gives a brief summary of all tests ordered, the results coded by symbols printed in the upper left corner of the index page, and the column headings for the source of the specimen printed on the upper right side of the index page (Fig. 1) . The results were coded as positive, negative, or pending for each * Corresponding author. type of culture by using internal laboratory standards that specifically define each possible result. These definitions were decided upon by a joint committee composed of laboratory staff, clinicians, and infectious disease specialists from our hospital. As an example, any organism seen on a Gram stain was automatically a positive. Similarly, any organism identified from a blood culture was a positive. Urine cultures were defined as negative when there were fewer than 1,000 organisms and positive when there were >1,000 organisms, even when multiple organisms were present. Following the summarized index, the complete detailed results are given, beginning with the most recent date. An identical system was subsequently adapted for direct access via computer on the nursing units.
System evaluation. To evaluate the two systems of microbiology laboratory result reporting, we designed a test using the laboratory results of six patients identified as patients A through F. Patients A and D had short laboratory reports consisting of five to seven specimens over several days. Patients C and F had moderately long laboratory reports consisting of 7 to 12 specimens over 3 to 7 days, while patients B and E had extensive laboratory reports, with as many as 10 microbiology results in a given day and encompassing a 5-week hospital stay. Thirteen short-answer questions were written for patients A, B, and C, and 13 nearly identical questions were written for patients D, E, and F. Questions generally fell into the following seven categories: state whether a particular culture result was positive, negative, or pending, name an appropriate antibiotic for a given organism from the susceptibility testing results, name the final reported result from a specific source, name the actual organism that grew from a specific culture, state whether a particular organism that grew from one specimen source also grew from another specimen source (e.g., blood and cerebrospinal fluid), state the date of the most recent (latest) blood culture submitted to the laboratory, and state whether a specific result was a final result or a pending result. The volunteer subjects taking the test were given a booklet of patients' laboratory results, a test, and a stopwatch. They were instructed to start their timers for each question, read the question, find the answer, write the answer in the blank provided, stop their timers, write in the exact time elapsed for that question, and then proceed to the next question.
A crossover experimental design with two groups of fourth-year medical students from the University of Colorado Medical School was employed. Because the new index system was currently in use at our hospital at the time of this study, it was recognized that our staff was well adapted to the new system and overwhelmingly preferred it. Thus, to give an unbiased assessment and comparison between the source-category system and the index system, we chose fourth-year medical students currently rotating through multiple hospitals and utilizing multiple computer system formats. Eight subjects composed group 1, who answered the first 13 questions on patients A, B, and C using the traditional source-category system, while the nine subjects who composed group 2 answered the first 13 questions on patients A, B, and C using the new index system. Following this initial test, group 1 subjects then answered the next 13 questions on patients D, E, and F using the new index system, while group 2 subjects answered the next 13 questions on patients D, E, and F using the traditional sourcecategory system. After completing the two tests, subjects were asked to complete a subjective response survey indicating which system (identified as systems 1 and 2) they preferred with regard to five specific characteristics of microbiology laboratory reports.
Statistical analysis. When the subjects' answers and times were evaluated, we found that 4 of a total of 442 questions were inadvertently skipped or left blank. These four questions, classified as missing data, were assigned a value by taking the average of all times (in seconds) for that individual question. All other times were entered in seconds as reported by the subject. We analyzed the experimental data using the three parameters of time, errors, and system subjectively preferred. The total time for each student to complete the test of the index system was paired with his or her total time to complete the test of the source-category system, and all students were compared by the paired t test. The means of the index system sums and the means of the source-category system sums were compared by the paired t test. In addition, an error analysis summed the numbers of wrong answers for the two systems. The total error count for each system was analyzed by the Cochran chi-square test. The subjective response survey was completed by 14 students. The total number of subjects preferring the index system, the source-category system, or neither system was analyzed with each of five different laboratory report characteristics by the Cochran chi-square test.
RESULTS
The results presented in Table 1 indicate that the average total time of 322.9 + 108.8 s required to find laboratory data by the index system was significantly (P = 0.04 by paired t test) less than the average total time of 415.1 ± 172.1 s required to find laboratory data by the source-category system, a 28% reduction. Seven errors by the index system and four errors by the source-category system were made, but with 431 correct answers, the error rates were not significantly different (P = 0.6). Most errors for either system seemed to reflect an evaluator's misunderstanding of the question rather than his or her inability to find the needed data. The response survey indicated that the index system was preferred by the majority of evaluators (in percents) for the following characteristics: finding actual laboratory results (86%), finding the date at which the specimen had been obtained (86%), identifying the source of the specimen (79%), and finding tests that had been already ordered (93%). Overall evaluation of each system indicated that 86% of evaluators preferred the index system (all responses significant, P < 0.05, by the Cochran chi-square test). the new index system without a significant increase in error biology laboratory reporting systems. The results of this rate. In addition, the index system usage characteristics study indicate that the new index system provides easier and were overwhelmingly and significantly preferred by the more rapid access to microbiology laboratory results.
